Carcinogen-DNA adducts, a marker of DNA damage, are capable of inducing mutations in oncogenes and tumor suppressor genes, resulting in carcinogenesis. We have shown previously that polycyclic aromatic hydrocarbon (PAH)-DNA adduct levels in prostate cancer cases vary by cellular histology and that higher adduct levels are associated with biochemical recurrence. A nested case-control study was conducted in a historical cohort of 6692 men with histopathologically benign prostate specimens. PAH-DNA adduct levels were determined by immunohistochemistry in benign prostate specimens from 536 prostate cancer case-control pairs (59% White and 41% African American). We estimated the overall and race-stratified risk of subsequent prostate cancer associated with higher adduct levels. Prostate cancer risk for men with elevated adduct levels (defined as greater than control group median) was slightly increased [odds ratio (OR) = 1.28, 95% confidence interval (CI) = 0.98-1.67, P = 0.07]. After race stratification, elevated adduct levels were significantly associated with increased risk in African American men (OR = 1.56, CI = 1.00-2.44, *P = 0.05) but not White men (OR = 1.14, CI = 0.82-1.59, P = 0.45). Elevated PAH-DNA adduct levels were significantly associated with 60% increased risk of prostate cancer among cases diagnosed 1-4 years after cohort entry (OR = 1.60, CI = 1.07-2.41) with a greater risk observed in African Americans within the first 4 years of followup (OR = 4.71, CI = 1.97-11.26, ***P = 0.0005). Analyses stratified by age or tumor grade revealed no additional significant heterogeneity in risk. Increased prostate cancer risk associated with high PAH-DNA adduct levels in benign prostate was found only in African Americans; risk was greatest within 4 years of follow-up, possibly reflecting a carcinogenic process not yet histologically detectable.
Introduction
Prostate cancer is the most prevalent non-skin cancer and the second leading cause of cancer-related death among men in the USA (1) . Among the established risk factors are family history, advancing age, and race. African American men experience significantly higher incidence and are more likely to die of prostate cancer than Whites (2); reasons for this disparity are unclear, but are likely due to a combination of environmental and genetic factors. There are racial differences in genetic, epigenetic, and gene expression patterns in prostate cancer (3) (4) (5) (6) (7) , as well as differences in metabolizing enzyme activities (8) (9) (10) and DNA repair capacities (11)-all of which may influence the carcinogenic potential of chemical exposures between African Americans and Whites.
Polycyclic aromatic hydrocarbons (PAHs)-ubiquitous environmental contaminants that result from incomplete combustion processes-are among the environmental carcinogens that may be involved in prostate carcinogenesis (12) . Several retrospective studies report a possible link between occupational exposure to PAHs and the risk of prostate cancer (13, 14) . The PAH benzo [a] pyrene is listed by the International Agency for Research on Cancer as carcinogenic to humans; recent reports have emerged of a link between high levels of benzo [a] pyrene consumed in grilled meats and increased risk of advanced prostate cancer (15, 16) . In vitro experiments have detected DNA adducts in human prostate cells after exposure to benzo [a] pyrene (17, 18) , and shown that exposure levels of benzo [a] pyrene are positively correlated with DNA damage (19) . PAHs derive their carcinogenic properties, in part, through their ability to form PAH-DNA adducts (20) . We and others have detected PAH-DNA adducts in prostate epithelial cells (21, 22) . We have also found racial differences in associations of genetic variation in PAH-metabolizing enzymes and cigarette smoke exposure with PAH-DNA adduct levels in the prostate (23) , and that African Americans with high levels of PAH-adducts may be at an increased risk for biochemical recurrence compared with Whites (24) .
The quantification of PAH exposures from environmental sources is informative but ultimately a poor measure of a biologically effective exposure dose. It does not account for interindividual genetic variation in metabolism or DNA repair enzymes, which can influence adduct formation (25) . Cellular and molecular changes are likely to be more relevant to disease outcome than measurement of PAHs in the ambient environment or diet. As such, the detection and quantification of PAH-DNA adducts within the tissue of interest is an important step toward understanding the connection between chemical exposure and cancer development (26) . Case-control studies of breast (27) , lung (28, 29) , colon (30) , gastrointestinal (31) , liver (32) , bladder (33, 34) and esophageal (35) cancers have found elevated PAH-DNA adduct levels in cases compared with controls; however, most studies have used circulating lymphocytes or other proxy measures of adduct levels. Among studies that measured DNA adducts in the cancer target tissue (27, 32, 34) , adduct levels were measured in these specimens after the development of cancer. Our own previous research on PAH-DNA adduct levels in prostate was performed exclusively using tissue from cases, was cross sectional in nature, and did not include a control group (22) (23) (24) .
In this study, we advance the molecular epidemiology of DNA adducts and cancer risk by measuring PAH-DNA adduct levels in histopathologically normal tissue samples taken from the target organ before disease onset. We also assess the relationship between adduct levels and subsequent cancer risk using a case-control study nested within a large historical cohort of men with benign prostate tissue specimens. In addition to testing whether adduct levels were associated with incident prostate cancer and tumor aggressiveness, we also explored race-specific cancer associations.
Methods

Study sample and medical record review
After obtaining approval from the Henry Ford Health System Institutional Review Board, we identified a historical cohort of 6692 men with a benign prostate specimen archived in the Henry Ford Department of Pathology collected by needle core biopsy or transurethral resection of the prostate (TURP) between January 1990 and December 2002. Members of the cohort could have had one or more benign prostate specimens collected before January 1990, within the 13-year cohort window, or after December 2002, but the first benign prostate specimen collected between January 1990 and December 2002 was used as the initial date of cohort entry for the purposes of case-control sampling and study analyses. A nested case-control sample was drawn from this cohort based on eligibility criteria that included a recorded prostate-specific antigen (PSA) level within a year of cohort entry and no history of a previous prostate cancer diagnosis. 'Date of case diagnosis' was the date of first cancerpositive tissue specimen or the date a clinician first reported a clinical diagnosis of prostate cancer. Patients diagnosed with prostate cancer <1 year from the date of cohort entry were ineligible for the study. We identified 808 potentially eligible cases diagnosed with prostate cancer prior to July 2007.
Incidence density sampling was used to select controls with replacement from all cohort members at risk at the time of case occurrence. Controls were randomly selected from among those cohort members who were free of prostate cancer at a follow-up duration greater than or equal to the time between cohort entry and diagnosis dates of the matched case, with the end of follow-up denoted as the 'reference date' for controls. Matching criteria included age at entry into cohort (±2 years), date of entry into cohort (±2 years), race (African American or White), and type of specimen (biopsy or TURP). We were able to match 802 of 808 potentially eligible cases. Further review reduced the final sample to 574 case-control pairs (36) ; exclusions were primarily due to problems with tissue blocks (n = 126; 55.3%), including lack of analyzable prostate tissue, wrong specimen type or missing specimens. Additional pairs were excluded for lack of a PSA test within 1 year of cohort entry, evidence of malignancy after a second pathologic review of prostate specimens, earlier benign specimens (outside the cohort window) or incomplete records at the time of cohort entry or diagnosis. We were able to analyze the PAH-DNA adduct levels in 536 pairs; absence of sufficient numbers of epithelial cells in the benign tissue specimen was the primary reason for failure to generate adduct data.
Smoking status and clinical, demographic, and comorbidity data were abstracted from patients' medical records from 5 years before the date of cohort entry through the diagnosis (for prostate cancer cases) or reference date (for controls). All medical data used in study analyses are based on the date of cohort entry unless otherwise noted. A 10% re-abstraction of patient charts was performed to optimize abstraction reliability.
Immunohistochemistry
All benign tissue specimens were evaluated for the presence of cancer, highgrade prostatic intraepithelial neoplasia (HGPIN), atrophy, and inflammation by a single genitourinary pathologist (O.N.K.) blinded to disease progression (36) . The immunohistochemical assay for PAH-DNA adducts was carried out as described previously (27, 37) . This assay uses the monoclonal 5D11 antibody, which in cell culture studies has been shown to produce strongly correlated staining levels (r = 0.99) with the treatment dose of benzo(a)pyrene diol epoxide (38) . The detection limit of the immunohistochemical assay we used is about 1-3 adducts per 10 5 nucleotides (37). The assay is not directly calibrated to a nucleotide count, however, and as such there is no lower bound limit that is considered as a zero adduct count or a non-detect level of staining intensity. Consistent with previous studies, we report our results in optical density (OD) units, a measure of the relative intensity of staining ( Figure 1 ) (27) . For each prostate specimen, a laboratory technician scored 50 epithelial cells (5 fields with 10 scored cells per field). Scored cells were selected to be representative, in terms of intensity, of the cells in the field. All case-control pairs were processed, stained and scored together to eliminate possible batch effects. PAH-DNA adduct data were further standardized across experiments using two 'control' slides (from two unique prostate specimens) across batches (22) .
Statistical analysis
Conditional logistic regression analyses were used to estimate both unadjusted and adjusted odds ratios (ORs) for prostate cancer incidence during followup. Individual matching controlled for age, race, and specimen type (biopsy or TURP). Analyses were performed using PAH-adduct level expressed as both continuous and categorical variables, categorized by their distribution among the control subjects. Both unadjusted and adjusted ORs were estimated. Potential confounders were identified by first testing whether the variable was associated with either PAH-DNA adduct levels or case status; associated variables were next tested in multivariable models to determine whether inclusion of the variable in the model substantively changed the effect estimate for elevated PAH-DNA adducts. Only variables that changed the exposure effect estimate by ±10% were retained in adjusted models. Comparisons between the stratified models were assessed using a conditional logistic regression model that included interaction terms with the stratified variable.
Results
Characteristics of analytic sample
In the analytic sample of 536 case-control pairs, cases were an average of 65.4 years old at cohort entry and African Americans made up 41% of the case-control sample (Table I) . Approximately 50% of cases were diagnosed between 1 and 4 years after cohort entry. The remaining cases were diagnosed 4-15 years after cohort entry. Cases had a significantly higher PSA level at the time of cohort entry, averaged two more PSA tests within this same time period and had significantly more additional prostate biopsies or TURPs between the date of cohort entry and diagnosis. The majority of cases presented with stage 1 (39.5%) and stage 2 (52.1%) tumors. Twenty-seven percent of cases had advanced tumor grade defined as either Gleason score 8 and above or Gleason score 7 with a primary grade 4. Mean PAH-DNA adduct levels were slightly elevated in cases compared with controls, but the difference was not statistically significant (0.299 ± 0.046 OD versus 0.298 ± 0.045 OD, P = 0.68). In general, the analytic sample had similar baseline characteristics compared with the 38 pairs that were dropped due to lack of analyzable adduct data. The exception to this was that the date of cohort entry and mean age at cohort entry were significantly older in the 38 unanalyzable pairs compared with the analytic sample.
Risk associated with higher levels of PAH-DNA adducts
Although mean PAH-DNA adduct levels did not differ significantly between cases and controls, previous studies have shown that the effect of DNA adducts on cancer-related outcomes tends to be nonlinear (39, 40) . Therefore, to determine whether prostate cancer risk was associated with elevated PAH-DNA adduct levels, we tested two models, one in which adduct levels were categorized into quartiles, and another in which levels were dichotomized above and below the median (Table II) . In the quartiles model, risk of prostate cancer was increased 21% for the third quartile and 27% for the fourth quartile. Because elevated risk was primarily observed for quartiles 3 and 4, with no elevation in risk found for quartile 2, adduct levels were dichotomized at the median for subsequent analyses. When subjects were classified as having higher or lower adduct levels, African American men with elevated adduct levels had a marginally significant 56% increased risk (OR = 1.56, CI = 1.00-2.44, P = 0.05). No trend in risk with increasing PAH-DNA adduct levels was observed for White men nor was there any noticeable increased risk associated with DNA adduct levels greater than median levels. We next examined potential confounders of the PAH-DNA adducts-prostate cancer relationship by analyzing histopathological PAH-DNA adducts and prostate cancer risk factors previously found to be associated with prostate cancer in this study population (36) . Based on results shown in Table I , PSA level at cohort entry and number of PSA tests during follow-up were also analyzed. Men without inflammation in their prostate specimen had slightly higher PAH-DNA adduct levels compared with those with inflammation (0.302 ± 0.044 OD versus 0.296 ± 0.047 OD, P = 0.04). Number of PSA tests were also positively correlated with PAH-DNA adduct levels; men in the lowest adduct quartile had 7.2 ± 4.8 tests during follow-up, compared with 8.3 ± 6.3 tests for men in the highest adduct quartile (P = 0.08). We therefore reanalyzed the quartile and median adduct models, adjusting for these two factors (Table II) , and found that the ORs for elevated PAH-DNA adduct levels decreased from 1.28 in the full sample to 1.17 in the adjusted model. Likewise, the ORs for elevated PAH-DNA adduct levels decreased from 1.56 to 1.51 in African Americans and from 1.14 to 1.03 in Whites in the stratified adjusted models. Because these changes were nominal, subsequent models did not include any additional covariates for confounders.
Although we found that risk estimates for elevated PAH-DNA adduct levels varied by race, we observed no differences in PAH-DNA adduct levels by race for either cases or controls. PSA levels at cohort entry were slightly higher for African American compared with Whites cases (8.4 ng/ml versus 7.4 ng/ml; P = 0.02) as well as controls (6.4 ng/ml versus 5.3 ng/ml; P = 0.06). At time of diagnosis, PSA levels remained higher for African American compared with Whites cases (33.7 ng/ml versus 18.2 ng/ml; P = 0.02). African American cases and controls were also more likely to be cigarette smokers at time of cohort entry compared with their White counterparts (17.8% versus 12.2%; P = 0.07 for cases and 21.8%% versus 13.5%; P = 0.01 for controls). None of the measured histologic factors or the other potential confounders we analyzed varied by race. Table III reports risk estimates stratified by selected matching factors (including race) and tumor grade (for cases). The most striking risk difference by strata was observed for the casecontrol pairs stratified by time of follow-up. In the full sample, elevated PAH-DNA adduct levels were significantly associated with a 60% increased risk of prostate cancer for those cases diagnosed 1-4 years after cohort entry (OR = 1.60, CI = 1.07-2.41). In race-stratified analyses, this increased risk was found solely in African Americans-men with elevated adduct levels were at 4-5 times increased risk for prostate cancer within the first 4 years of follow-up (OR = 4.71, CI = 1.97-11.26). African American men under age 65 with elevated adduct levels were at a slightly greater risk for prostate cancer than their older counterparts (OR = 1.71 versus 1.21), but neither risk estimate was statistically significant. The only other statistically significant association was in African Americans who entered the cohort after March 1995 (OR = 1.80, CI = 1.00-3.24). ORs for White men did not vary significantly across strata.
Effect modifiers of prostate cancer risk associated with high PAH-DNA adduct levels
We next tested whether clinical and histopathological factors associated with prostate cancer modified the relationship between high PAH-DNA adduct levels and prostate cancer (Table IV) . Because we have previously found current smoking to be associated with PAH-DNA adduct levels in human prostate (23), we also tested current smoking as a potential effect modifier. Overall, with the exception of current smoking in Whites, none of these variables significantly modified the risk associated with elevated adduct levels and prostate cancer, although some interesting race-specific trends emerged. PSA level at cohort entry and HGPIN are both associated with prostate cancer in this study population (36) , and both appeared to modestly enhance the association between elevated adduct levels and prostate cancer in African Americans. Although each of these factors in isolation increased risk 50-100%, the combination of either high PSA or presence of HGPIN with elevated adduct levels resulted in ORs for prostate cancer risk over 4. This degree of effect modification was not observed in Whites.
In the full sample, neither absence of inflammation nor presence of simple atrophy in the benign specimen modified the association between elevated PAH-DNA adduct levels and prostate cancer risk; however, when analyses were stratified by race, we observed interaction ORs suggesting both negative interactions (absence of inflammation in African Americans and atrophy in Whites) and positive interactions (atrophy in African Americans and absence of inflammation in Whites). The strongest (and only significant) interaction was observed for current cigarette smoking in Whites. Paradoxically, although elevated adduct levels and current smoking each modestly increased prostate cancer risk, when combined the two were associated with a decreased prostate cancer risk (OR = 0.34, CI = 0.12-1.00).
Inflammation and simple atrophy and PAH-DNA adduct levels
Given our previous finding of significant decreased and increased prostate cancer risk associated with inflammation and simple atrophy, respectively (36) , and their opposite effect on risk associated with elevated adduct levels by race, we examined the association of these two factors with PAH-DNA adduct levels in the full sample. In a Cases and controls were one-to-one matched on age (±2 years), race (African American or White), date of cohort entry (±2 years) and specimen type (biopsy or TURP).
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regression model, simple atrophy (β = 0.0062, P = 0.08) and inflammation (β = -0.0075, P = 0.08) were the two prostate cancer risk factors most strongly associated with PAH-DNA adduct levels. These associations, however, were strikingly different by race. In Whites, the association between simple atrophy and PAH-DNA adduct levels was greater (β = 0.0075, P = 0.11 versus β = 0.0033, P = 0.55). Conversely, in African Americans, inflammation had a much stronger association with PAH-DNA adduct levels (β = -0.0140, **P = 0.007 versus β = -0.0035, P = 0.42). When PAH-DNA adduct levels were stratified by these two factors, subjects with inflammation but no simple atrophy had significantly lower PAH-DNA adducts compared with two of the other three strata (Figure 2a ): simple atrophy/no inflammation (0.287 ± 0.056 OD versus 0.302 ± 0.044 OD; *P = 0.02) and no simple atrophy/no inflammation (0.287 ± 0.056 OD versus 0.301 ± 0.043 OD; *P = 0.05). These same differences were observed to an even greater degree in the African American subset (Figure 2b ): no simple atrophy/inflammation and simple atrophy/no inflammation (0.284 ± 0.055 OD versus 0.311 ± 0.035 OD, **P = 0.005), and no simple atrophy/inflammation and no simple atrophy/no inflammation (0.284 ± 0.055 OD versus 0.305 ± 0.050 OD; *P = 0.04). In Whites (Figure 2c ), the mean adduct levels across all four simple atrophy/inflammation strata were comparable.
Discussion
We report for the first time a prospective analysis of PAH-DNA adduct levels-a marker of biologically effective exposure to PAHmeasured in histopathologically benign target tissue, and subsequent cancer risk for the same organ. Prior prospective studies of adduct levels and cancer risk have used surrogate tissues, such as white blood cells, but the correlation between adduct levels in surrogate tissues and the target organ is questionable (41) (42) (43) . In this study, we find that higher levels of PAH-DNA adducts in benign prostate specimens were associated with a modest, non-significant increased risk for prostate cancer. This risk, however, was greater in African Americans and greater still for African American cases diagnosed within 4 years from the time of tissue collection. African Americans with high PAH-DNA adduct levels had a 4-to 5-fold increased risk of prostate cancer within the first 4 years of follow-up. In Whites, we observed only nominally increased risk associated with the presence of high PAH-DNA adduct levels, irrespective of the length of follow-up. These temporal and race-specific findings are consistent with our earlier report of an association between PAH-DNA adducts levels measured in radical prostatectomy specimens and higher risk of biochemical recurrence (24) . In that study, we found elevated PAH-DNA levels to be associated with increased risk of recurrence with within 2 years of surgery; the effect of higher adduct levels on recurrence was stronger in African Americans than in Whites.
The reasons behind the large disparity between African American and White men in prostate cancer incidence and mortality are likely complex, involving a combination of biological and sociocultural factors, and have been reviewed extensively (44, 45) . Levels of carcinogen-DNA adducts are a marker of biologically effective exposure that may portend increased cancer risk (39) . Why this marker associates only with increased risk in African American men is unclear, but the answer may involve inherent racial differences in the biology of prostate carcinogenesis.
Few studies have examined racial differences in PAH-DNA adduct levels, but a study of smokers found that African American subjects had higher adduct levels in lymphocytes than other subjects after adjustment for gender, education, alpha-tocopherol and beta-carotene Cases and controls were one-to-one matched on age (±2 years), race (African American or White), date of cohort entry (± 2 years) and specimen type (biopsy or TURP). Asterisks represent statistical significance of P values.
PAH-DNA adducts and prostate cancer risk levels, and GSTM1 status (46) . We and others have shown racial differences in genetic polymorphisms that influence PAH-DNA adduct levels (23, 47) . In addition, cigarette smoke exposure, a primary source of PAHs, is known to vary by race (48) ; African Americans may also metabolize PAH compounds from cigarette smoke exposure in a different dose-response manner than Whites (49) . In benign prostate tissue (as measured in this study) as well as in tumor and tumor-adjacent benign tissue (as we reported previously) (22) , PAH-DNA adduct levels do not vary by race. Yet, prostate cancer risk at the highest adduct levels was greater for African American men compared with White men. One possible explanation for our race-specific findings may be variation in DNA repair capacity by race. A study by Trzeciak et al. measured age-, race-, and sex-specific single-strand DNA repair capacities using a novel comet assay protocol; they found that in African American men, DNA repair capacity decreases with age more than in White men (11) . This may explain the effect-modification ORs shown in Table IV ; in African Americans, in the presence of each factor thought to increase prostate cancer risk-high PSA, absence of inflammation, simple atrophy and HGPIN-the risk associated with high adduct levels increased as well. In addition, inflammation was inversely associated with PAH-DNA adduct levels exclusively in African American men. Whether this finding was coincidental or due to these two factors residing in a common prostate carcinogenesis pathway is unclear. Although inflammation is thought to occur in concert with environmental insults that lead to DNA damage and ultimately carcinogenesis (50), we have previously reported that absence of inflammation in the benign prostate is a risk factor for subsequent prostate cancer, using this same study sample (36) . This absence of an association between simple atrophy and PAH-DNA adduct levels in African Americans suggests that the previously proposed (51) carcinogenic inflammation-simple atrophy DNA damage cascade is unlikely. However, given that our study only provides a cross-sectional view of the benign prostate tissue environment, it is impossible to definitively infer what-if any-biological connection PAH-DNA adducts may have with inflammation, in terms of prostate carcinogenesis.
Our study is unique among studies of PAH-DNA adducts and cancer risk. Previous studies have generally used the case-control approach to estimate risk associated with higher PAH-DNA adduct levels, based on pre-disease adduct measures in blood (28, 29) . Of the few studies measuring adduct levels in tissue from the cancerous organ (27, 32, 34) , adduct levels in tumor cells tends to be more strongly associated with risk (27, 32) . However, because specimens were acquired at the time of cancer diagnosis, such studies lack the ability to make a temporal link between adduct levels and the onset of carcinogenesis. Ours is the first study to prospectively estimate the risk associated with PAH-DNA adduct levels in the target tissue prior to cancer diagnosis. Furthermore, the size of our study allows risk estimates to be stratified by factorssuch as race and age-that may modify the cancer risk associated with high adduct levels. Race-stratified results need to be interpreted with caution, however, given the smaller sample sizes. Although we cannot rule out some degree of misclassification bias due to undiagnosed cancer at the time of cohort entry, the adduct measures in our study should have, in most instances, preceded onset of invasive carcinoma. In addition, because adducts were measured in histopathologically confirmed benign tissue, our results reflect the potential of this biomarker for predicting onset of future cancer in the benign biopsy setting.
Because our study was limited to one DNA adduct measurement at a single time point, our analysis was confined to a snapshot of what is likely a rapidly changing cellular environment. This may explain, in part, why increased risk associated with elevated PAH-DNA adducts was not observed for cases that developed more than 4 years after cohort entry. Our study was observational, and although the duration of at-risk follow-up was equal for cases and controls, cohort members differed in their medical follow-up and screening behavior. Cases had significantly more PSA tests between cohort entry and diagnosis than controls, and the frequency of PSA tests in our study sample was greater than current screening recommendations, even in controls. Although there is no a priori reason why screening behavior should differ by adduct levels and, indeed, adjustment for number of PSA tests during follow-up did not substantively change our results, the increased frequency of PSA tests in our study population reflects the high risk nature of this cohort. During the 15-year period cases accrued in the study cohort, the standardized prostate cancer incidence was 1.9 times higher for African American men and 1.8 times higher for White men compared with the metropolitan Detroit population from which the cohort was drawn.
To the extent that formation of PAH-DNA adducts are a risk factor for prostate cancer and thus potentially aligned with clinical risk indicators leading to a biopsy referral, we expect the design of the study to bias the results to the null as compared with results that might be expected from a general population cohort; however, construct validity of measuring PAH-DNA adducts in non-tumor target tissue collected prior to diagnosis should outweigh such possible biases to the null. In addition, this cohort of men (collected within a single geographic area across broad demographic categories, including a large proportion of African Americans) is of particular public health and clinical importance; the identification of biomarkers that predict risk of future prostate cancer diagnosis is an important tool for clinical decision making regarding the appropriate intensity of screening and biopsy in this and similar populations.
As a retrospective cohort embedded within a single health system, our study design allowed incident case detection and permitted an investigation of the temporal association of adduct levels with subsequent cancer, providing better understanding of the relationship between a tissue-based marker of DNA damage and subsequent prostate cancer risk. Although the immunohistochemistry methods used were not as specific or sensitive as mass spectrometry and provide a semiquantitative measure of DNA adduct concentration that cannot be directly translated into an adducts per nucleotide result (52) , the polyclonal antibody we used has been extensively validated for tissuebased quantification of relative DNA adduct levels (37) . Although a correlation has not been shown between immunohistochemical quantitation of PAH-DNA adducts and cigarette smoking in breast (27) and liver (32) tissues, such a correlation has been found in work using lung tissue (53, 54) and our own work using prostate (23, 55) tissue. Finally, it should be noted that our study was not designed to investigate which routes of PAH exposure lead to higher adduct levels, nor how biologic modifiers, such as inherited capacities for high metabolism of PAH (23, 56) or poor DNA repair capacity (57) , might influence the effects of those levels. Notably, although these risk factors may explain the underlying reasons for interindividual variation in PAH-DNA adduct levels, as antecedent factors in a causal pathway, the absence of data on risk factors for adduct formation does not undermine the ability of the study to assess the role of adducts in prostate cancer risk (58) .
In summary, the risk of prostate cancer conferred by elevated levels of PAH-DNA adducts in pre-malignant benign prostate tissue appears to be race specific and only for a limited time period. However, the short-term increased prostate cancer risk associated with high adducts in African Americans is significantly elevated, and may reflect a carcinogenic process that is underway, but not yet histologically detectable. This theory is supported by the suggestive evidence of a synergistic effect between high PAH-DNA adducts and established risk factors for prostate cancer-such as presence of HGPIN and elevated PSA levels-and risk of prostate cancer in African Americans. Our results suggest that further exploration of racial differences in DNA repair capacities may be warranted, as such differences might provide an explanation of why elevated PAH-DNA adducts confer an increased prostate cancer risk only in African Americans. Such explorations may ultimately lead to a better understanding of both prostate carcinogenesis and racial disparities in prostate cancer incidence and progression.
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